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(54) IGNITION TIMING DETECTING DEVICE FOR INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To calculate reference 
pressure (compression pressure of inner-cylinder air 
exept for the pressure rise due to combustion) 
according to operation conditions during engine 
operation, and accurately detect an ignition timing 
based on the reference pressure and detected value 
of inner-cylinder pressure. 

SOLUTION: This device detects waveform of inner- 
cylinder pressure (motoring pressure) Pm of one 
cycle at the time of cutting fuel and stores it in a 
memory. A ratio between a reference pressure Pb 
(compression pressure of inner-cylinder air except for 
the pressure rise due to combustion) under the 
present engine operation condition and the motoring 

pressure Pm is obtained during engine operation, by comparing pressure Pk detected by 
the inner cylinder pressure sensor at a crank angle 00 before ignition to the motoring 
pressure Pm. At the crank angle after the angle 90, the motoring pressure Pm read from 
the memory is multiplied by the pressure ratio, so as to calculate the reference pressure 
Pb. When the difference between the detected pressure Pk and the reference pressure Pb 
exceeds the ignition determination value, the ignition timing 0f is determined. 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



[Claim(s)] 

[Claim 1] In the ignition stage detection equipment of the internal combustion engine which detects 
an internal combustion engines cylinder internal pressure with a cylinder internal pressure detection 
means, and detects an ignition stage based on the detection value It is based on the cylinder internal 
pressure at the time of un-burning [ which was detected in the past with said cylinder internal 
pressure detection means ] (henceforth a "motoring pressure"). A reference pressure calculation 
means to compute the pressure (henceforth "reference pressure") of the current air in a cylinder 
except the pressure buildup by combustion, Ignition stage detection equipment of the internal 
combustion engine characterized by having an ignition stage detection means to measure the current 
cylinder internal pressure (henceforth the "detection pressure force") and said reference pressure 
detected with said cylinder internal pressure detection means, and to detect an ignition stage. 
[Claim 2] Said cylinder internal pressure detection means is ignition stage detection equipment of the 
internal combustion engine according to claim 1 characterized by detecting the cylinder internal 
pressure at the time of a fuel-injection cut as said motoring pressure. 

[Claim 3] Said reference pressure calculation means is ignition stage detection equipment of the 
internal combustion engine according to claim 1 or 2 characterized by computing said reference 
pressure by carrying out the multiplication of the multiplier for which it asked from the pressure ratio 
of said detection pressure force and said motoring pressure to said motoring pressure. 
[Claim 4] Said reference pressure calculation means is ignition stage detection equipment of the 
internal combustion engine according to claim 3 characterized by computing said pressure ratio by 
the crank angle of at least one point before fuel ignition. 

[Claim 5] Ignition stage detection equipment of the internal combustion engine according to claim 1 
to 4 characterized by having an offset error amendment means by which compute the offset error of 
the output characteristics of said cylinder internal pressure detection means based on two or more 
detection pressure force detected by two or more crank angles with said cylinder internal pressure 
detection means, and only the part of this offset error amends the output characteristics of said 
cylinder internal pressure detection means. 

[Claim 6] Ignition stage detection equipment of the internal combustion engine according to claim 1 
to 5 characterized by having a renewal means of a motoring pressure to detect said motoring pressure 
with said cylinder internal pressure detection means under predetermined conditions for every fuel- 
injection cut, and to update the storage value of this motoring pressure. 

[Claim 7] Ignition stage detection equipment of the internal combustion engine according to claim 1 
to 6 characterized by having a gain error correction means by which search for the gain error of the 
output characteristics of said cylinder internal pressure detection means by measuring with that 
certified value said motoring pressure detected by the crank angle of at least one point with said 
cylinder internal pressure detection means, and only the part of this gain error amends the output 
characteristics of said cylinder internal pressure detection means. 

[Claim 8] Said ignition stage detection means is ignition stage detection equipment of the internal 
combustion engine according to claim 1 to 7 characterized by judging the time of the differential 
pressure of said detection pressure force and said reference pressure exceeding an ignition decision 
value to be an ignition stage. 

[Claim 9] Said ignition stage detection means is ignition stage detection equipment of the internal 
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combustion engine according to claim 8 characterized by judging the time of computing the 
differential pressure of said detection pressure force and said reference pressure for every 
predetermined period, asking for the characteristic ray which connects the continuous differential 
pressure beyond said ignition decision value of at least two points, and the production of this 
characteristic ray exceeding said ignition decision value to be an ignition stage. 



[Translation done.] 
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* NOTICES * 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the ignition stage detection equipment of the 
internal combustion engine which detects an internal combustion engine's (engine) cylinder internal 
pressure, and detects an ignition stage from the detection pressure force. 
[0002] 

[Description of the Prior Art] An engine ignition stage is a control parameter which has direct effect 
on engine power, fuel consumption, and emission. Generally, an ignition stage changes with aging of 
engine operation conditions, an environmental condition, and a fuel-injection system etc., and 
especially, by the diesel power plant, in order to compress gaseous mixture high and to carry out 
self-ignition, it has the inclination for an ignition stage to tend to change. Therefore, in order to 
improve engine power, fuel consumption, and emission, it is necessary to control an ignition stage. 
[0003] So, by the diesel power plant, an actual ignition stage is detected by a cylinder internal 
pressure sensor detecting cylinder internal pressure, as shown in JP,9-68081,A, and detecting the 
pressure buildup by combustion (ignition) based on this cylinder internal pressure, and the technique 
which carries out feedback control of the fuel injection timing so that this ignition stage may be 
made in agreement with a target ignition stage is examined. 

[0004] However, the compression ratio of a diesel power plant is large, and in order to inhale a lot of 
air in a cylinder, the compression pressure (henceforth "reference pressure") of the air in a cylinder 
becomes large relatively compared with the pressure buildup by combustion. For this reason, unless 
it removes reference pressure from the detection value of cylinder internal pressure, the pressure 
buildup by combustion is undetectable with a sufficient precision. 

[0005] Then, the thing of the above-mentioned official report is beforehand memorized on the map 
etc. in quest of the reference pressure in each crank angle by count, and asks for the firing pressure 
(pressure buildup by combustion) which subtracted reference pressure from the detected cylinder 
internal pressure, and eliminated the effect of reference pressure, and he is trying to judge the time of 
this firing pressure exceeding an ignition decision value to be an ignition stage. 
[0006] 

[Problem(s) to be Solved by the Invention] By the way, reference pressure changes with engine 
operation conditions etc. rather than is fixed, and has especially the inclination for the change to 
become large, with an engine with a supercharger. Therefore, in the technique of the above- 
mentioned official report, in order to ask for an exact firing pressure, it is necessary to subtract the 
reference pressure according to the engine operation conditions at that time from the detected 
cylinder internal pressure. For this reason, it is necessary to calculate the reference pressure in each 
crank angle for every engine operation conditions beforehand, and to memorize on a map etc. 
However, it is difficult to memorize beforehand in quest of all those reference pressure to all the 
engine operation conditions that change every moment by count as a matter of fact. And it is 
necessary to memorize a vast quantity of data about the reference pressure of all engine operation 
conditions, and mass memory is needed and there is also a fault which carries out a cost rise. 
[0007] This invention is made in consideration of such a situation, therefore even if that purpose 
calculates beforehand the reference pressure for every engine operation conditions and does not 
memorize it on a map etc., it can ask for the reference pressure according to engine operation 
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conditions easily during engine operation, and is to offer the ignition stage detection equipment of 
the internal combustion engine which can detect an ignition stage with a sufficient precision from the 
detection value of cylinder internal pressure using this reference pressure. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, the ignition stage 
detection equipment of the internal combustion engine of claim 1 of this invention It is based on the 
cylinder internal pressure at the time of un-burning [ which was detected in the past with the cylinder 
internal pressure detection means ] (henceforth a "motoring pressure"). The pressure (henceforth 
"reference pressure") of the current air in a cylinder except the pressure buildup by combustion is 
computed with a reference pressure calculation means, the current cylinder internal pressure 
(henceforth the "detection pressure force") and the reference pressure which were detected with the 
cylinder internal pressure detection means are measured, and an ignition stage detection means 
detects an ignition stage. 

[0009] In this case, a motoring pressure is the cylinder internal pressure at the time of un-burning in 
some engine operation conditions, i.e., the compression pressure of the air in a cylinder except the 
pressure buildup by combustion. Therefore, since a motoring pressure is equivalent to the reference 
pressure in the engine operation conditions when detecting it, it can compute the reference pressure 
in the present engine operation conditions by using a motoring pressure as base data from the 
relation between the engine operation conditions at the time of motoring pressure detection, and the 
present engine operation conditions. For this reason, in this invention, even if it calculates 
beforehand the reference pressure for every engine operation conditions and does not memorize on a 
map etc., during engine operation, the reference pressure according to the engine operation 
conditions at that time can be computed easily, and an ignition stage can be detected with a sufficient 
precision from the comparison with this reference pressure and the detection pressure force. And 
since it is not necessary to memorize a vast quantity of data about the reference pressure for every 
engine operation conditions, mass memory is not needed but-izing can be carried out [ low cost ] that 
much. Furthermore, since a cylinder internal pressure detection means detects the motoring pressure 
used as the base data at the time of computing reference pressure during engine operation, it can also 
cope with the difference in the motoring pressure characteristics by the individual difference of each 
engine. 

[0010] Here, since the inside of a cylinder will be in the condition of not burning, the fuel-injection 
cut carried out at the time of car moderation and high rotation etc. is good like claim 2 for a cylinder 
internal pressure detection means to detect the cylinder internal pressure at the time of a fuel- 
injection cut as a motoring pressure. If it does in this way, it is not necessary to make specially the 
condition for detection of a motoring pressure of not burning, and a motoring pressure can be 
detected during engine operation using the fuel-injection cuts at the time of car moderation etc., 
without spoiling operability. 

[001 1] Moreover, it is good to compute reference pressure by carrying out the multiplication of the 
multiplier for which it asked from the pressure ratio of the detection pressure force and a motoring 
pressure to a motoring pressure like claim 3. That is, the pressure ratio of the detection pressure force 
and motoring pressure (detection pressure force at the time of motoring pressure detection) in current 
engine operation conditions serves as a leading parameter which presumes the pressure ratio of the 
reference pressure in current engine operation conditions, and the reference pressure at the time of 
motoring pressure detection from a motoring pressure being detection pressure force (= reference 
pressure at the time of motoring pressure detection) in the engine operation conditions at the time of 
motoring pressure detection. Therefore, if the multiplication of the multiplier for which it asked from 
this pressure ratio is carried out to a motoring pressure (= reference pressure at the time of motoring 
pressure detection), the reference pressure in the present engine operation conditions is easily 
computable. 

[0012] In this case, it is good like claim 4 to compute the pressure ratio of the detection pressure 
force and a motoring pressure in the crank angle of at least one point before fuel ignition. Since the 
rise of the cylinder internal pressure by combustion will not arise if it is before fuel ignition as shown 
in drawing 2 , the detection pressure force and reference pressure are mostly in agreement. 
Therefore, if a pressure ratio is computed before fuel ignition, the pressure ratio which is not 
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influenced at all of the pressure buildup by combustion can be computed, and reference pressure can 
be computed with a sufficient precision also by the crank angle after fuel ignition. 
[0013] By the way, the cylinder internal pressure sensor used as a cylinder internal pressure 
detection means becomes the cause by which an offset error may arise in output characteristics 
according to service conditions, such as temperature, and this reduces the detection precision of an 
ignition stage. 

[0014] Based on two or more detection pressure force detected by two or more crank angles with the 
cylinder internal pressure detection means, the offset error of the output characteristics of a cylinder 
internal pressure detection means is computed, and you may make it only the part of this offset error 
amend the output characteristics of a cylinder internal pressure detection means like claim 5 as this 
cure. When doing in this way, even if the offset error arose in the output characteristics of a cylinder 
internal pressure detection means, an ignition stage is detectable with a sufficient precision using the 
correction value which eliminated the offset error from the output of a cylinder internal pressure 
detection means. 

[0015] Moreover, it is good for a cylinder internal pressure detection means to detect a motoring 
pressure under predetermined conditions for every fuel-injection cut, and to update the storage value 
of this motoring pressure like claim 6. When doing in this way, even if an internal combustion 
engine's property and the output characteristics of a cylinder internal pressure detection means 
carried out aging, based on the newest motoring pressure updated according to the aging, reference 
pressure can be computed with a sufficient precision, and the fall of the detection precision of the 
ignition stage by aging can be prevented. 

[0016] Moreover, as for the output characteristics of a cylinder internal pressure detection means, the 
gain (output sensibility) over pressure variation may change with a service condition, aging, etc. The 
gain error of the output characteristics of a cylinder internal pressure detection means is searched for 
by measuring with that certified value the motoring pressure detected by the crank angle of at least 
one point with the cylinder internal pressure detection means, and you may make it only the part of 
this gain error amend the output of a cylinder internal pressure detection means like claim 7 as this 
cure. When doing in this way, even if the gain error arose in the output characteristics of a cylinder 
internal pressure detection means, an ignition stage is detectable with a sufficient precision using the 
correction value which eliminated the gain error from the output of a cylinder internal pressure 
detection means. 

[0017] By the way, although you may make it the detection approach of an ignition stage judge the 
time of the ratio of for example, the detection pressure force and reference pressure exceeding an 
ignition decision value to be an ignition stage, you may make it judge the time of the differential 
pressure of the detection pressure force and reference pressure exceeding an ignition decision value 
like claim 8 to be an ignition stage. Since the differential pressure of the detection pressure force and 
reference pressure is equivalent to a part for the pressure buildup by combustion, it can detect an 
ignition stage with a sufficient precision from differential pressure. 

[0018] In the system computed to every predetermined sampling period deltatheta, the differential 
pressure of the detection pressure force and reference pressure here As shown in drawing 6 (a), it is 
sampling timing angle thetaf-1. When ignition takes place immediately after computing differential 
pressure deltaP (thetaf-1), Differential pressure deltaP (thetaf) computed by the following sampling 
timing angle thetaf (=thetaf-l+deltatheta) will exceed the ignition decision value F for the first time. 
In this case, if sampling timing angle thetaf is judged to be an ignition stage, a gap will arise between 
the detection value of an ignition stage, and an actual ignition stage. For this reason, if sampling 
period deltatheta is enlarged, the detection error of an ignition stage will become large, but if 
sampling period deltatheta is made small, a CPU load will increase. 

[0019] When computing the differential pressure of the detection pressure force and reference 
pressure for every predetermined period, it asks for the characteristic ray which connects the 
continuous differential pressure beyond an ignition decision value of at least two points, and you 
may make it judge the time of the production of this characteristic ray exceeding an ignition decision 
value like claim 9 as this cure to be an ignition stage. It asks for the straight line which connects the 
differential pressure delta P (thetaf) and delta P (thetaf+deltatheta) computed after differential 
pressure deltaP exceeded the ignition decision value F as shown in drawing 6 (b) for example. If the 
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production of this straight line judges crank angle thetaff which intersects the ignition decision value 
F to be an ignition stage, even if it enlarges sampling period deltatheta, gap width of face with the 
detection value of an actual ignition stage and an ignition stage can be made small, and an ignition 
stage can be detected with a sufficient precision. And since sampling period deltatheta can be 
enlarged, a CPU load is also mitigable. 
[0020] 

[Embodiment of the Invention] The operation gestalt (1) which applied this invention to the diesel 
power plant of a 4-cylinder is explained based on drawing 1 thru/or drawing 5 below [an operation 
gestalt (1)]. 

[0021] First, the configuration of the whole engine control system is explained based on drawing 1 . 
The fuel injection valve 12 of a solenoid- valve type is attached in each gas column of the diesel 
power plant 1 1 which is an internal combustion engine, and the fuel ****(ed) by high pressure from 
high pressure pumping (not shown) is distributed to it through a common rail 13 at each fuel 
injection valve 12. The fuel-pressure sensor 14 which detects the pressure (common rail fuel 
pressure) of the fuel distributed to a fuel injection valve 12 is attached in this common rail 13. 
Moreover, the cylinder internal pressure sensor 1 5 (cylinder internal pressure detection means) 
which detects cylinder internal pressure is attached in one representation gas column of a diesel 
power plant 1 1 . 

[0022] Furthermore, near the crankshaft 20 of an engine 11, the crank angle sensor 16 which outputs 
a pulse signal for every predetermined crank angle is installed, and the gas column distinction sensor 
17 is installed near the cam shaft (not shown). Moreover, the load sensors 18, such as an accelerator 
sensor, are formed in the accelerator pedal (not shown). 

[0023] The output signal of the various sensors mentioned above is inputted into the engine 
electronic control circuit (it is written as "ECU" below) 19. This ECU19 calculates fuel oil 
consumption and fuel injection timing based on the engine operation condition which was 
constituted as a subject and detected the microcomputer by various sensors, and controls a fuel 
injection valve 12 based on that result of an operation. 

[0024] Furthermore, ECU19 is based on the cylinder internal pressure Pm at the time of un-burning 
[ which was detected by the cylinder internal pressure sensor 1 5 under predetermined conditions at 
the time of a fuel-injection cut ] (motoring pressure). While functioning as a reference pressure 
calculation means to compute the compression pressure (reference pressure) Pb of the current air in a 
cylinder except the pressure buildup by combustion It functions as an ignition stage detection means 
to detect an ignition stage based on the differential pressure (pressure buildup by combustion) of the 
cylinder internal pressure (detection pressure force) Pk and reference pressure Pb which were 
detected by the cylinder internal pressure sensor 15. And ECU19 carries out feedback control of the 
fuel injection timing of a fuel injection valve 12 so that the detected ignition stage may be made in 
agreement at a target ignition stage. 

[0025] Here, the detection approach of the ignition stage by ECU19 is explained. When a 
predetermined service condition is satisfied during a fuel-injection cut, the wave of the motoring 
pressure Pm (theta) shown in drawing 2 reads the output of the cylinder internal pressure sensor 15 
by one cycle (720degree-CA) (for example, when an engine speed turns into the predetermined 
rotational frequency N), and memorizes it to nonvolatile memory (not shown), such as the backup 
RAM in ECU19. For every predetermined transit-time T progress (for. example, 100 hours), the 
wave of this motoring pressure Pm (theta) is newly detected, when a predetermined service condition 
is satisfied during a fuel-injection cut, and it updates a storage value. 

[0026] Moreover, the cylinder internal pressure sensor 15 detects the detection pressure force Pk 
(theta) to every predetermined sampling period deltatheta (for example, ldegree-CA). On the other 
hand, reference pressure Pb (theta) is computed as follows from the motoring pressure Pm (theta) 
and the detection pressure force Pk (theta). 

[0027] Since the detection pressure force Pk (theta) before fuel ignition does not contain the pressure 
buildup by combustion, it is mostly in agreement with reference pressure Pb (theta). Therefore, 
calculation crank angle theta 0 set as the compression stroke before ignition If the pressure ratio H of 
the detection pressure force Pk (theta 0) and the motoring pressure Pm (theta 0) which can be set is 
computed by the degree type, the pressure ratio H which is not influenced at all of the pressure 
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buildup by combustion is computable. 
H=Pk (theta 0)/Pm (theta 0) 

Here, it is the calculation crank angle theta 0. In order to raise the calculation precision of a pressure 
ratio H, it is desirable that it is just before ignition as much as possible, for example, it is good to set 
it as BTDC10 degree-CA (before [ a compression top dead center ] lOdegree-CA). Moreover, crank 
angle theta 0 of one point before ignition Although a pressure ratio H may be computed, a pressure 
ratio H is computed by the crank angle of two or more points before ignition, and you may make it 
use the average of two or more pressure ratios H. 

[0028] This calculation crank angle theta 0 The reference pressure Pb (theta) in each crank angle 
theta is computed by multiplying a pressure ratio H by each crank angle theta of subsequent every at 
the motoring pressure Pm (theta). 
Pb(theta) =HxPm (theta) 

Thereby, reference pressure Pb (theta) is easily computable. 

[0029] Calculation crank angle theta 0 which computed the pressure ratio H as shown in drawing 4 
In subsequent crank angle theta, differential pressure deltaP (theta) of the detection pressure force Pk 
(theta) and the computed reference pressure Pb (theta) is computed by the degree type to every 
predetermined sampling period deltatheta. 
deltaP(theta) =Pk(theta)-Pb (theta) 

This differential pressure deltaP (theta) is crank angle thetaf to which this differential pressure deltaP 
(theta) exceeded the ignition decision value F for this differential pressure deltaP (theta) as compared 
with the ignition decision value F since it was equivalent to a part for the pressure buildup by 
combustion. It judges with an ignition stage. Thereby, only a part for the pressure buildup by 
combustion is taken out from the detection pressure force Pk (theta), and an ignition stage can be 
detected with a sufficient precision. In addition, what is necessary is just to set the ignition decision 
value F as 100kPa(s) in consideration of a detection error. 

[0030] Detection of the ignition stage by ECU19 explained above is performed by the ignition stage 
detection program shown in drawing 5 . This program is performed for every predetermined time 
and every predetermined crank angle, and the ignition stage of a representation gas column when the 
cylinder internal pressure sensor 15 was formed is detected. Starting of this program judges whether 
the addition transit time after updating the wave of the motoring pressure Pm (theta) last time 
exceeded predetermined time Tl (for example, 100 hours) at step 101 first. If the addition transit 
time has not reached predetermined time Tl, it does not update the wave of the motoring pressure 
Pm (theta), but progresses to step 105 as it is. 

[0031] On the other hand, when the addition transit time was over predetermined time Tl, it 
progresses to step 102 and a predetermined service condition is satisfied during a fuel-injection cut, 
the output of the cylinder internal pressure sensor 15 is read as a motoring pressure Pm (theta) by 1 
cycle (for example, when an engine speed turns into the predetermined rotational frequency N), and 
the stored data of the motoring pressure Pm (theta) memorized by the nonvolatile memory of ECU 19 
is updated. Then, peak pressure Pmax of the motoring pressure Pm (theta) updated at step 103 It 
judges whether it is higher than the predetermined value Ps. It is peak pressure Pmax. If it is below 
the predetermined value Ps, it judges that cylinder internal pressure is carrying out the abnormality 
fall, and progresses to step 104, and lighting of a warning lamp (not shown) etc. will perform an 
abnormality display, an operator will be told about the abnormality fall of cylinder internal pressure, 
and this program will be ended. 

[0032] On the other hand, it is peak pressure Pmax at step 103. When judged with it being higher 
than the predetermined value Ps, it judges that cylinder internal pressure is normal, and progresses to 
step 105. At this step 105, the wave of the motoring pressure Pm (theta) memorized by the 
nonvolatile memory of ECU19 is read, the following step 106 compares current crank angle theta 
with the calculation crank angle theta 0 (for example, BTDClOdegree-CA), and it is the calculation 
crank angle theta 0. It stands by at step 106 until it reaches. Then, calculation crank angle theta 0 
When it reaches, it progresses to step 107 and is the calculation crank angle theta 0. The pressure 
ratio H of the detection pressure force Pk (theta 0) and the motoring pressure Pm (theta 0) which can 
be set is computed by the degree type, and it returns to step 106. 
H=Pk (theta 0)/Pm (theta 0) 
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[0033] Then, crank angle theta is the calculation crank angle theta 0. When it exceeds, it progresses 
to step 108 from step 106, and is the calculation crank angle theta 0. To each crank angle theta of 
subsequent every, the multiplication of the pressure ratio H is carried out to the motoring pressure 
Pm (theta), and the reference pressure Pb (theta) of each crank angle theta is computed by the degree 
type. 

Pb(theta) =HxPm (theta) 

The data of this reference pressure Pb (theta) are temporarily memorized in memory, such as RAM 
in ECU19, until this program is completed. 

[0034] It progresses to step 109 after calculation of reference pressure Pb (theta), and is the 
calculation crank angle theta 0. Differential pressure deltaP (theta x) in subsequent crank angle theta 
(it is henceforth written as theta x) is computed by the degree type. 
deltaP(theta x) =Pk(theta x)-Pb (theta x) 

[0035] Then, if differential pressure deltaP (theta x) is below the ignition decision value F, it 
progresses to step 110, it judges whether differential pressure deltaP (theta x) exceeded the ignition 
decision value F, and it progresses to step 111, and is the current crank angle theta x. Ignition 
detection termination crank angle thetak It judges whether it exceeded or not. This ignition detection 
termination crank angle thetak The expansion line is set as the crank angle near termination, 
therefore — if it lights normally — ignition detection termination crank angle thetak by — differential 
pressure deltaP (theta x) exceeds the ignition decision value F. 

[0036] At the above-mentioned step 1 1 1, it is the crank angle theta x. Ignition detection termination 
crank angle thetak Until a ****** judging is carried out Processing of step 106->108->109->1 10 
mentioned above is repeated, and processing of [ P / (theta x) / differential pressure delta/ the 
ignition decision value F ] is repeated. At step 110 When it judges that differential pressure deltaP 
(theta x) is larger than the ignition decision value F, it progresses to step 112 and judges with 
ignition, and it is crank angle thetaf at that time. An ignition stage is memorized and this program is 
ended. 

[0037] On the other hand, it is the crank angle theta x at step 111, without being judged with 
differential pressure deltaP (theta x) having exceeded the ignition decision value F at step 110. When 
judged with having exceeded ignition detection termination crank angle thetak, it is judged as a 
flame failure, progresses to step 1 13, it indicates by the flame failure, an operator is told about a 
flame failure, and this program is ended. 

[0038] By the way, if the reference pressure corresponding to the time of an engine low load is 
beforehand calculated to drawing 3 , and is memorized to it like the conventional example shown 
with a broken line and this reference pressure is applied to all engine operation conditions, in the 
time of an engine heavy load, reference pressure differs from actual reference pressure greatly, and 
an ignition stage may be incorrect-detected. Although reference pressure is beforehand calculated for 
every engine operation conditions, and it memorizes on the map etc. as this cure, and the detection 
precision of an ignition stage can be improved if it asks for the reference pressure according to 
engine operation conditions from a map etc., it is difficult to memorize beforehand in quest of all 
those reference pressure to all the engine operation conditions that change every moment by count as 
a matter of fact. And it is necessary to memorize a vast quantity of data about the reference pressure 
for every engine operation conditions, and mass memory is needed and there is also a fault which 
carries out a cost rise. 

[0039] On the other hand, as this operation gestalt (1) shows to drawing 2 , it is the calculation crank 
angle theta 0 before fuel ignition. Detection pressure force Pk (theta 0) in which it can set, 
Calculation crank angle theta 0 of the engine operation conditions at that time The point whose 
reference pressure Pb (theta 0) which can be set corresponds mostly is noted. Calculation crank angle 
theta 0 before fuel ignition By computing the pressure ratio H of the detection pressure force Pk 
(theta 0) and the motoring pressure Pm (theta 0) which can be set the pressure ratio H of the 
reference pressure Pb and the motoring pressure Pm in current engine operation conditions — asking 
— calculation crank angle theta 0 Each subsequent crank angle theta x every — by multiplying a 
pressure ratio H by the motoring pressure Pm (theta x) Each crank angle theta x The reference 
pressure Pb (theta x) which can be set is computed. Thereby, using the pressure ratio H which is not 
influenced at all of the pressure buildup by combustion, the reference pressure Pb (theta x) of the 
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crank angle after fuel ignition can be computed with a sufficient precision, and an ignition stage can 
be detected with a sufficient precision from differential pressure deltaP (theta x) of this reference 
pressure Pb (theta x) and the detection pressure force Pk (theta x). And since it is not necessary to 
calculate beforehand the reference pressure for every engine operation conditions like before, and to 
memorize on a map etc., mass memory is not needed but-izing can be carried out [ low cost ] that 
much. 

[0040] Moreover, with the above-mentioned operation gestalt (1), since the cylinder internal pressure 
sensor 15 detects the motoring pressure Pm at the time of the fuel-injection cut carried out at the time 
of car moderation etc., the difference in the motoring pressure characteristics by the individual 
difference of each engine can also be coped with, and dispersion in the detection precision of the 
ignition stage by engine individual difference can be lessened. And since the motoring pressure Pm 
was updated for every predetermined time T progress, even if an engine property and the output 
characteristics of the cylinder internal pressure sensor 15 carried out aging, based on the motoring 
pressure Pm updated according to the aging, reference pressure Pb can be computed with a sufficient 
precision, and the fall of the detection precision of the ignition stage by aging can be prevented. 
[0041] In addition, although the motoring pressure Pm was updated for every predetermined time T 
progress, you may make it update for every predetermined mileage progress with the above- 
mentioned operation gestalt (1). Moreover, you may make it the thing of a fuel injection valve 12, a 
glow plug (not shown), and one apparatus used for the cylinder internal pressure sensor 15. 
[0042] Moreover, although it was made to detect the ignition stage with the above-mentioned 
operation gestalt (1) about the representation gas column in which the cylinder internal pressure 
sensor 15 was formed, the cylinder internal pressure sensor 15 is formed in all gas columns, the 
ignition stage detection program of drawing 5 is performed for every gas column, and you may make 
it detect an ignition stage for every gas column. 

[0043] Furthermore, the detection approach of the ignition stage of the above-mentioned operation 
gestalt (1) may be applied to detection of the ignition stage of the pilot injection performed in 
advance of the Maine injection for engine power generating, and detection of the ignition stage of 
the fuel injection in the first half of a compression stroke in the so-called "homogeneity premixed 
combustion system." 

[0044] As shown in [operation gestalt (2)] drawing 6 (a), it is sampling timing angle thetaf-1. When 
ignition takes place immediately after, and set to the following sampling timing angle thetaf (=thetaf- 
1+deltatheta), it is judged with differential pressure deltaP (thetaf) having exceeded the ignition 
decision value F for the first time. In this case, sampling timing angle thetaf If it judges with an 
ignition stage, a gap will arise between the detection value of an ignition stage, and an actual ignition 
stage. For this reason, if sampling period deltatheta is enlarged, the detection error of an ignition 
stage will become large, but if sampling period deltatheta is made small, the CPU load of ECU 19 
will increase. Gap width of face with that of an actual ignition stage will become large. 
[0045] Such a situation is taken into consideration. With the operation gestalt (2) of this invention In 
the field to which differential pressure deltaP exceeded the ignition decision value F as shown in 
drawing 6 (b) Sampling timing angle thetaf It asks for the differential pressure rise straight line A 
(characteristic ray) which connects differential pressure deltaP (thetaf) and differential pressure 
deltaP (thetaf+deltatheta) in the following sampling timing angle thetaf+deltatheta. Crank angle 
thetaff of the production of this differential pressure rise straight line A and an intersection with the 
ignition decision value F is judged to be an ignition stage. Thereby, even if it enlarges sampling 
period deltatheta, gap width of face with the detection value of an actual ignition stage and an 
ignition stage can be made small, and an ignition stage can be detected with a sufficient precision. 
And since sampling period deltatheta can be enlarged, the CPU load of ECU 19 is also mitigable. 
[0046] Amendment of the above ignition stages is performed by the ignition stage amendment 
program shown in drawing 7 . When this program was started, it judges whether differential pressure 
deltaP exceeded the ignition decision value F and differential pressure deltaP exceeds the ignition 
decision value F at step 201 first, it progresses to the following step 202 and is sampling timing 
angle thetaf. Differential pressure deltaP (thetaf) and differential pressure deltaP (thetaf+deltatheta) 
in following sampling timing angle thetaf+deltatheta are computed. 

[0047] Then, it progresses to step 203, and asks for the differential pressure rise straight line A 
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which connects differential pressure deltaP (thetaf) and differential pressure deltaP 
(thetaff deltatheta), crank angle thetaff of the intersection of this differential pressure rise straight 
line A and the ignition decision value F is calculated, and this crank angle thetaff is judged to be an 
ignition stage (step 204). 

[0048] In addition, although it asked for the differential pressure rise straight line A with the above- 
mentioned operation gestalt (2) from differential pressure deltaP in the continuous crank angle 
beyond the ignition decision value F of two points, you may make it ask for a differential pressure 
rise straight line (or differential pressure ascent curve) from differential pressure deltaP in the 
continuous crank angle of three or more points. 

[0049] [An operation gestalt (3)], next the operation gestalt (3) of this invention are explained based 
on drawing 8 thru/or drawing 1 1 . The cylinder internal pressure sensor 15 becomes the cause by 
which an offset error may arise in output characteristics according to service conditions, such as 
temperature, and [referring to drawing 8 (a)] and this reduce the detection precision of an ignition 
stage. It can ask for this offset error as follows. 

[0050] Here, the detection pressure force [ in / for an offset error / the crank angle theta 1 before b 
and ignition and theta 2 (however, thetal <theta2 <theta0) ] can be expressed like a degree type, if Ps 
(theta 1), Ps (theta 2), and true cylinder internal pressure are set to Pt (theta 1) and Pt (theta 2), 
respectively. 

Ps(theta 1) =Pt(theta 1) +b .... (1) 
Ps(theta 2) =Pt(theta 2) +b .... (2) 

[0051] moreover, crank angle theta 1 from — theta 2 up to — if the air condition change in a cylinder 
is assumed to be adiabatic change, it can express like a degree type. 

Pt(theta 1) x {V (theta 1)} gamma =Pt(theta 2) x {V (theta 2)} gamma Pt(theta 2)/Pt(theta 1) = {V 
(theta 1)/V (theta 2)} gamma =K .... (3) 

Here, it is the constant cylinder content volume is decided by V (theta) and it is decided by gamma 
from V (theta) and gamma that the ratio of specific beat and K will be. 

[0052] If the above-mentioned (1) - (3) type is solved, offset error b is computable with a degree 
type. 

b=l/(K-l) x {KxPs(theta 1)-Ps (theta 2)} .... (4) 

If this offset error b is subtracted from the output of the cylinder internal pressure sensor 15, the 
offset error of the output of the cylinder internal pressure sensor 15 can be amended. 
[0053] Moreover, the gain (output sensibility) over pressure variation may change with a service 
condition, aging, etc. (refer to drawing 9 ), and, as for the output characteristics of the cylinder 
internal pressure sensor 15, the detection precision of an ignition stage falls also by this. This gain 
error can be searched for as follows. 

[0054] Here, they are a and the calculation crank angle theta 0 about a gain error. The detection 
value of Pmt (theta 0) and a motoring pressure can be expressed for it like a degree type, if the 
certified value of a motoring pressure which can be set is set to Pms (theta 0). In addition, the 
certified value Pmt (theta 0) of a motoring pressure is the calculation crank angle theta 0. It is the 
standard motoring pressure which can be set, and based on a design data, it may set up beforehand, 
or you may make it use the motoring pressure detected by the cylinder internal pressure sensor 15 of 
an initial state (before degradation). 
Pms(theta 0) =axPmt (theta 0) 

[0055] Therefore, the gain error a is computable with a degree type. 
a=Pms (theta 0)/Pmt (theta 0) .... (5) 

By carrying out division process of the output of the cylinder internal pressure sensor 1 5 with this 
gain error a, the gain error of the output of the cylinder internal pressure sensor 15 can be amended. 
In addition, since the detection value Pms (theta 0) of a motoring pressure changes with engine 
operation conditions, such as an engine speed, it is good to set up a certified value Pmt (theta 0) for 
every engine operation conditions, and to choose the certified value Pmt (theta 0) according to the 
engine operation conditions at that time. 

[0056] With this operation gestalt (3), ECU19 is performing the ignition stage detection program 
shown in drawing 1010 and drawing 1 1 , and it detects an ignition stage using the differential 
pressure which amended the offset error and the gain error while it functions as an offset error 
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amendment means amend the offset error and gain error of output characteristics of the cylinder 
internal pressure sensor 15 using the above (4) and (5) types, and a gain error-correction means. 
[0057] The ignition stage detection program of drawing 10 and drawing 1 1 is performed for every 
predetermined time and every predetermined crank angle. Starting of this program updates the wave 
of the motoring pressure Pm (theta) at step 301 first. Thereby, the motoring pressure Pm (theta) is 
updated corresponding to aging of the output characteristics of the cylinder internal pressure sensor 
15. In addition, when a predetermined service condition is satisfied during a fuel-injection cut as 
well as said operation gestalt (1), the renewal of the motoring pressure Pm (theta) reads the output of 
the cylinder internal pressure sensor 1 5 by 1 cycle, and updates the stored data of the motoring 
pressure Pm (theta) memorized by the nonvolatile memory of ECU19. 

[0058] Then, at step 302, the motoring pressures Pm (theta 1) and Pm (theta 2) memorized by the 
nonvolatile memory of ECU19 are read, and the offset error bm of the motoring pressure Pm (theta) 
is computed by the degree type. 
bm=l/(K-l) x {KxPm(theta 1)-Pm (theta 2)} 

[0059] At the following step 303, a degree type amends the offset error of the motoring pressure Pm 
(theta) using this offset error bm. 

Pm f (theta) =Pm(theta)-bm — motoring pressure Pm* (theta) after the offset error amendment called 
for by doing in this way is temporarily memorized in memory, such as RAM of ECU 19, until this 
program is completed. 

[0060] Then, crank angle theta is the crank angle theta 1. When it becomes, the detection pressure 
force Pk (theta 1) is detected, and after that and crank angle theta is the crank angle theta 2. When it 
becomes, the detection pressure force Pk (theta 2) is detected, and the offset error bk of the detection 
pressure force Pk (theta) is computed by the degree type (steps 304-308). 
bk=l/(K-l) x {KxPk(theta 1)-Pk (theta 2)} 

[0061] Then, crank angle theta is the calculation crank angle theta 0. When it becomes, it progresses 
to step 310 from step 309, and is the calculation crank angle theta 0. Motoring pressure Pm 1 (theta 0) 
and the calculation crank angle theta 0 after the offset error amendment which can be set The 
certified value Pmt (theta 0) of a motoring pressure which can be set is read from the nonvolatile 
memory of ECU19, and the gain error a is computed by the degree type. 

a=Pm' (theta 0)/Pmt (theta 0) -- the certified value Pmt (theta 0) of a motoring pressure is good in 
this case to enable it to choose the value according to engine operation conditions. 
[0062] At the following step 31 1, a degree type amends the offset error of the detection pressure 
force Pk (theta 0) using an offset error bk. 

Pk(theta 0) =Pk(theta 0)-bk[0063] then - a step - 312 - an offset error - amendment - the back - 
detection pressure — the force — Pk — 1 (theta 0) — an offset error — amendment — the back — 
motoring — a pressure — Pm — 1 (theta 0) — a pressure ratio ~ H - 1 — a degree type — computing . 
H'=Pk'(theta 0) /Pm' (theta 0) 

[0064] Then, crank angle theta is the calculation crank angle theta 0. When it exceeds, it progresses 
to step 313 from step 309, and a degree type amends the offset error of the detection pressure force 
Pk (theta) using an offset error bk. 

Pk(theta) =Pk(theta)-bk[0065] At the following step 314, reference pressure Pb 1 (theta) after offset 
error amendment is computed by the degree type. 
Pb'(theta) ^H'xPm' (theta) 

[0066] a degree a step — 315 — gain — an error — a — using — an offset error — amendment — the 
back — detection pressure — the force ~ Pk — ' (theta) — reference pressure — Pb — 1 (theta) — 
differential pressure - delta — P — ' (theta) — gain - an error — a degree type - amending . 
deltaP'(theta) =l/ax {Pk(theta)-Pb f (theta)} 

Thus, computed differential pressure deltaP 1 (theta) becomes the value by which both the offset error 
and the gain error were amended. 

[0067] Then, at step 316, it judges whether differential pressure deltaP 1 (theta) exceeded ignition 
decision value F, processing of step 309->313->314->315->316 mentioned above when differential 
pressure deltaP 1 (theta) was below the ignition decision value F is repeated, and processing of [ f / 
(theta) / differential pressure deltaP/ the ignition decision value F ] is wound and ******( e d). 
[0068] Then, when judged with differential pressure deltaP' (theta) having exceeded ignition 
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decision value F at step 316, it progresses to step 317 and judges with ignition, and it is crank angle 
thetaT at that time. An ignition stage is memorized and this program is ended. 
[0069] Since the offset error and gain error are searched for and the detection pressure force, a 
motoring pressure, and differential pressure are amended with the operation gestalt (3) explained 
above even if an offset error and a gain error occur in the output of the cylinder internal pressure 
sensor 15 by the service condition or aging, an ignition stage can be detected using the data which 
removed the offset error and gain error of an output of the cylinder internal pressure sensor 15, and 
detection of a highly precise ignition stage is possible. 

[0070] In addition, at the above-mentioned operation gestalt (3), it is the crank angle theta 0 of one 
point. The certified value Pmt (theta 0) of a motoring pressure which can be set is memorized, and it 
is the crank angle theta 0 of one point. Although the gain error a was searched for, the wave of the 
certified value Pmt (theta) of a motoring pressure is memorized, a gain error is searched for by the 
crank angle of two or more points, and you may make it use those averages as a gain error. 
[0071] Moreover, although the gain error of the differential pressure of the detection pressure force 
after offset error amendment and reference pressure was amended with the above-mentioned 
operation gestalt (3) after amending the offset error of both the detection pressure force and a 
motoring pressure It is the phase of making it amend an offset error and reading the output of the 
cylinder internal pressure sensor 15 contrary to this after amending a gain error. What is necessary is 
to make it amend both an offset error and a gain error, and just to, amend an offset error and a gain 
error in short, by the time it compares differential pressure with an ignition decision value. Or you 
may make it amend only one side of an offset error and a gain error. 

[0072] [An operation gestalt (4)], next the operation gestalt (4) of this invention are explained based 
on drawing 12 thru/or drawing 16 . With this operation gestalt (4), as shown in drawing 12 , in 
addition to the system configuration explained by drawing 1 of said operation gestalt (1), the NOx 
catalyst 22 is formed in the exhaust pipe 21 of an engine 11. This NOx catalyst 22 supports the 
catalyst component (for example, Cu-zeolite and Pt-zeolite) which can reduction purify NOx 
(nitrogen oxides) under existence of a reducing agent (HC) also in a hyperoxia ambient atmosphere 
on the front face of support, such as a ceramic metallurgy group. 

[0073] A fuel injection valve 12 performs pilot injection in advance of this Maine injection while 
performing Maine injection for engine power generating near the compression top dead center, as 
shown in drawing 13 . Furthermore, it sets like the expansion line after the Maine injection (for 
example, ATDC90-180degree-CA), and postinjection is performed, a little fuel (for example, 1 - 5% 
of the Maine injection) is injected, and the fuel (HC) as a reducing agent is supplied to the NOx 
catalyst 22. 

[0074] Usually, since postinjection is carried out at the stage when whenever [ cylinder internal 
temperature ] is lower than the combustion temperature of a fuel, without burning, the pyrolysis 
(reforming) of the fuel which carried out postinjection is moderately carried out by the heat of 
combustion in a cylinder, and it changes to the reactant high (molecular weight is small) low-boiling 
point HC. Thereby, the reacting weight in the NOx catalyst 22 is made to increase, and the rate of 
NOx purification is raised. 

[0075] However, since whenever [ cylinder internal temperature ] becomes high when engine power 
is large, the fuel which carried out postinjection bums within a cylinder, NOx catalyst 22 HE supply 
will not be carried out, and the rate of NOx purification will fall. 

[0076] Since whenever [ cylinder internal temperature ] will become low too much and the pyrolysis 
of the fuel which carried out postinjection will not fully be carried out if a lag is carried out too much 
although what is necessary is just to carry out the lag of the postftiel injection timing in order to 
prevent this, the rate of the reactant low (molecular weight is large) high-boiling point HC will 
increase, and the rate of NOx purification will fall. 

[0077] So, when a postinjection fuel is lit (combustion), as shown in drawing 15 , by performing the 
postfuel-injection-timing amendment program shown in drawing 16 paying attention to the point that 
differential-pressure deltaP of the detection-pressure force Pk and reference pressure Pb goes up, the 
existence of ignition of a postinjection fuel is judged based on differential-pressure deltaP of the 
detection-pressure force Pk and reference pressure Pb, and postfuel injection timing amends with this 
operation gestalt (4) according to it. 
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[0078] The postfuel-injection-timing amendment program of drawing 16 judges the existence of 
ignition, only when crank angle theta is in range thetaA of a postinjection fuel which can be burned - 
thetaB (for example, ATDC90-180degree-CA). That is, thetaA - thetaB It judges whether an ignition 
stage is in within the limits. 

[0079] If this program is started, crank angle theta is crank angle thetaA at step 401 first. ****** 
above is judged and it is crank angle thetaA. When it becomes the above, it progresses to step 402. 
By for example, the same approach as an operation gestalt (1) It judges whether the difference of 
differential pressure deltaP (theta) which computed differential pressure deltaP (theta) of the 
detection pressure force Pk and reference pressure Pb, and was computed at the following step 403 
this time, and differential pressure deltaP (theta- 1) computed last time is larger than the ignition 
decision value deltaP 1. 

[0080] If deltaP(theta)-deltaP (theta- 1) is deltaP 1 or less ignition decision value, it progresses to step 
404 and crank angle theta is crank angle thetaB. Whenever it judges ****** above and is judged 
with theta<thetaB, step 402,403 mentioned above is repeated and performed. And theta>= = thetaB If it 
will judge that deltaP(theta)-deltaP (theta- 1) is larger than the ignition decision value deltaP 1 at step 
403 by the time it reaches, it will progress to step 405 and will judge with the postinjection fuel 
being lit (combustion). In this case, since NOx catalyst 22 HE HC is no longer supplied, it progresses 
to step 406 and the lag of the postfuel injection timing is carried out. Thereby, since whenever 
[ cylinder internal temperature / at the time of postinjection ] falls, combustion of a postinjection fuel 
is suppressed. 

[0081] On the other hand, it is theta>=thetaB, without judging that deltaP(theta)-deltaP (theta- 1) is 
larger than the ignition decision value deltaP 1 at step 403. When it becomes, it progresses to step 
407 from step 404, and judges with the postinjection fuel not being lit (combustion). However, if 
postfuel injection timing is too late, since whenever [ cylinder internal temperature ] will be too low 
and the pyrolysis of the postinjection fuel will not fully be carried out, the high rate of NOx 
purification cannot be obtained. Therefore, when the postinjection fuel is not lit (combustion), it is 
step 408 and the tooth lead angle of the postfuel injection timing is carried out. Thereby, in order that 
whenever [ cylinder internal temperature / at the time of postinjection ] may go up, the pyrolysis of a 
postinjection fuel is promoted and the rate of NOx purification is raised. 

[0082] If it is made above, postfuel injection timing is amended at a stage just before a postinjection 
fuel begins to be lit, and since a pyrolysis is carried out most efficiently, without burning, most 
postinjection fuels can supply reactant high HC to the NOx catalyst 22, and can raise the rate of NOx 
purification. 

[0083] In addition, although this invention was applied to the diesel power plant of a 4-cylinder with 
the injection system of a common ball-race type in each above-mentioned operation gestalt (1) - (4), 
this invention may be applied to the diesel power plant of injection systems other than a common rail 
type, or diesel power plants other than a 4-cylinder. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 
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[Drawing 9] 
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